structural, material and load variables (primitive variables) that describe the truss. Initially, the truss is deterministically analyzed for member forces and member (s) in which the axial force exceeds the Euler buckling load are identified.
These member(s) are then discretized with several intermediate nodes and a probabilistic buckling analysis is performed on the truss to obtain its probabilistic buckling loads and the respective mode shapes. Furthermore, sensitivities associated with the uncertainties in the primitive variables are investigated, margin of safety values for the truss are determined and truss end node displacements are noted. These steps are repeated by sequentially removing buckled member (s) until onset of truss collapse is reached.
Results show that this procedure yields an optimum truss configuration for a given loading and for a specified reliability.
Introduction
It is customary to evaluate the structural integrity of trusses by using deterministic analysis techniques and appropriate load/ safety factors.
Traditionally, these factors are an outcome of many years of analytical, as well as experimental, experience in the areas of structural mechanics/design. Load factors are used to take into account for uncertainties in many different operating conditions including the maximum loads and safety factors are also used to account for unknown effects in analysis assumptions, fabrication tolerances, and material properties.
As an alternative to the deterministic approach, is the Probabilistic Analysis Method (PSAM) In the recent past, NESSUS has been used for the analysis of Space Shuttle Main Engine (SSME) components.
Representative examples include a probabilistic assessment of a mistuned bladed disk assembly 4 and an evaluation of the reliability and risk of a turbine blade under complex service environments. 5 Furthermore, NESSUS has also been used to computationally simulate and probabilistically evaluate a cantilever truss typical for space type structures 6 and quantify the uncertainties in the structural responses (displacements, member axial forces, and vibration frequencies).
The objective of this paper is to develop a methodology and to perform probabilistic progressive buckling assessment of space type trusses using the NESSUS computer code. Each bay of the truss is 5 ft wide, 8 ft long, and 6 ft high (Fig. l) . The overall length of the truss is 24 ft. Six vertical and two longitudinal loads are applied.
In addition, twisting moments are applied at the truss-end nodes.
The directions of the forces and moments are shown in Fig. 1 and mean values are given in Table I . The applied loads and moments are selected to represent anticipated loading couditions for a typical space truss. Chajes also describes tile concept of neutral equilibrium which is being used to determine the critical load of a member such that at this load level the member can be in equilibrium both in the straight and in a slightly bent configuration.
Furthermore, the Euler load (buckling load or critical load) is the smallest load at which a state of neutral equilibrium is possible or the member ceases to be in stable configuration. This above definition of buckling load is used to identify the probable truss members that contribute to the progressive buckling behavior of the cantilever truss.
Probabilistic Model
The following primitive variables are considered in the probabilistic analysis:
(1) nodal coordinates (X,Y,Z) (2) modulus of elasticity (E) (3) outer radius of the tube (%) (4) inner radius of the tube (5 Finally, tim minimum number of members needed to support the applied loads and moments are determined.
Discussion of Results

Probabilistic
Progressive Buckling -First Buckled Member The probabilistic buckling analysis indicated that the first bay front diagonal buckled first, (Fig. 2(b) ) and the corresponding probabilistic buckled loads and moments at 0.5 probability are shown for example in Fig. 3 . Probabilistic buckled loads and moments at different probability levels can also be obtained.
Furthermore, a method of calculating the margin of safety (MOS) for specified probability by using known distributions for applied loads and moments and corresponding cunmlative distribution function curves obtained from PSAM are shown in Fig. 4 . The sensitivity factors from Fig. 5 suggest that the scatter in the bay length parameter (Y-coordinate) had the highest impact on the probabilistic distribution of the buckling load followed by the bay height (Z-coordinate), bay width (X-coordinate), vertical and longitudinal loads and finally twisting nmments.
Any slight variation in spatial (geometry) variables has a direct effect on the overall length of the members and thereby alters many terms in the stiffness matrix containing the length parameter. Finally, this has a definite affect on the probabilistic buckling loads which has been clearly observed in the above discussed results. However, it is important to note that even comparatively large variations in both member modulus (n) and area (r o and ri) (see Table I ) had very negligible impact. Similar conclusions can also be drawn for the probabilistic member force in the first buckled member (see Fig. 6 ). The variation in the resistance (mean area x mean yield strength) of tim member was assumed to have a Weibull distribution and is shown in Fig. 7 . MOS calculations for strength exceedence using distribution curves for probabilistic member force and resistance as well as probabilistic buckling load and resistance indicate that the buckled member did satisfy the strength criteria condition.
Therefore, it can be concluded from Figs. 4 and 7 that the member buckled when its axial force exceeded the Euler buckling load and when the stress due to this load did not exceed the failure criteria.
Progressive BucklingSecond/Thir.d./Fourth Buckled Members
As described in the previous section, the deterministic analysis followed by the probabilisticanalysiswas performed with sequential removal of the first, second, third, and fourth buckled member from the truss and the probabilistic buckled loads and moments, sensitivity factors, and MOS values for stress were obtained.
When the second member was buckled (see Fig. 2(c) ) the comparable results as shown in Figs. 4 to 7 are described in Figs. 8 to 11. For these truss configurations the MOS value decreased from 3.53 to 2.53. The similar details of the truss with the third buckled (see Fig. 2(d) Fig. 2(e) ). It is important to note from Figs. 18 and 19 that, the scatter in the bay height had much higher impact than scatter in both bay width and length on both the probabilistic buckling loads/moments and buckled member force. Finally, the details of the onset of collapse state of the truss (Fig. 2(f) ) are shown in Figs. 20 to 22. When all the four buckled members were removed, the MOS value was equal to -3.75 which indicates that the onset of collapse was reached (Fig. 21) . Furthermore, the probabilistic buckling loads/ Inoments at 0.001 probability were equal to maximum applied loads/moments with assumed distributions (see Fig. 20 ). In addition, at the collapse state the uncertainties in both the bay length and bay height had sufficiently high impact on the probabilistic buckling loads/moment distributions (see Fig. 22 ). In the above discussed various truss configurations, the uncertainties in the vertical loads had consistently the same impact on buckling loads/moment, where as member modulus and area had negligible impact.
Probabilistic Truss End Node Displacements
The truss end node displacements (lateral, longitudinal, and lateral) were also calculated during each of above mentioned deterministic analyses for each truss configuration and are shown in Fig. 23 . It is clear that there is not considerable change in either lateral or longitudinal displacement as each buckled member was sequentially remow;d. However, the truss end node vertical displacement gradually increased up to the truss configuration with three buckled members removed and suddenly increased very rapidly when the fourth buckled member was removed giving an indication of unbounded displacement growth which suggests that the truss had reached the onset of its collapse state. This is due to the fact that the total vertical loads are six times higher than total longitudinal loads and the perturbations in the vertical loads are higher than that of twisting moments.
Figures 24 and 25, respectively, show the relationships between the applied vertical loads and probabilistic buckling loads as well as probabilistic buckling loads and MOS values.
The optimum truss configuration was reached with the forth buckled member removed whereby the probabilistic buckling load was equal to the applied vertical load at 0.001 probability level (see Fig. 24 ). Similar conclusions can also be made for longitudinal loads and twisting moments. In addition, there is a gradual decrease in the MOS values as buckled members were sequentially removed and reached a zero value when the optimum truss configuration was reached (see Fig. 25 ). Similar conclusions can also be made for longitudinal loads and twisting moments.
Probabilistic Buckling Including Initial Eccentricity
In the above discussed probabilistic progressive buckling methodology, all the members were assumed to be initially perfectly straight and the buckled members were sequentially removed with the assumption that once the rnember buckled it would yield and could not resist any additional loading and thereby would not contribute to the overall stiffness of the truss.
In order to verify this assumption, the maximum eccentricity at which the yielding in the member (first bay front diagonal) will take place due to the combined effects of axial and in-plane bending inoments was calculated. Furthernmre, this member wasmodeledto depictthe buckled configuration of the member at which yielding will take place, using a parabolic distribution for the above calculated eccentricity (see Fig. 26 ). The deterministic and subsequent probabilistic buckling analyses indicate, respectively, that the probabilistic buckling loads and moments did not change significantly from the original analysis (see Fig. 3 ) and the first bay rear diagonal has buckled (see Fig. 27 ). However, as seen from Figs. 5 and 28 for probabilistic buckling loads and from Figs. 6 and 29 for probabilistic member forces, the sensitivity factors show some changes especially the variations in bay width has the most dominant impact on both probabilistic buckling loads and moments (see Figs. 28 and 29) . This is due the fact that member buckles in the plane perpendicular to the direction of the loading.
Nevertheless, it is important to note that the scatter in the spacial location accentuates the sensitivities of the bay length/width/height on the probabilistic load and diminishes that of vertical load. 
